Based on the latest statistic data of Shanghai's population during 1952-2007, a grey model with the pretreatment of data is established for prediction and researching on the Shanghai's future household registration population up to the year 2050. This model's feasibility is illustrated compared with other grey models. The result shows that at the end
force for some important projects. And because the population migration wasn't limited strictly in policy, the population in Shanghai grew fast in short term. By the end of 1950s, the natural growth rate of population in Shanghai City decreased sharply and kept gradually. It was at a period of low increase. Been influenced by the natural disaster, the natural fluctuation of population sunk to a low ebb, and then rallied slowly. Except 1969, population natural growth rates were annually below 10‰ from 1966 to 1980. Because of the baby boom in 1950s and the surplus period, the population natural growth rate had a certain raise in the early 1980s. But because the family planning policy was carried out strictly in 1970, it could still maintain at a low level. The population natural growth rate was basic stable and the total population rose slowly. It appears a negative population growth rate in Shanghai since 1993. This is inseparable with the result of the family planning policy. According to the statistics, from the starting of family planning policy to the beginning of 2005, the total population in Shanghai is born 7,000,000 less, nearing the half of total population in Shanghai, and it makes a great contribution for national population development and control. Based on the latest statistics data, this paper researches on the Shanghai's future household registration population development by building up the improved grey model dealt with the pretreatment of data, in order to provide reliable evidence for the social and economic sustainable development.
Prediction of Shanghai's population

Establishment of grey model
Supposing the original population time sequence is
[ (1), (2), , ( )] x x x x n = and the time sequence (0) x through 1-AGO (accumulating generation operator) to get a newly-generated sequence (1) x , namely,
( (1), (2), ...,
with which to make a general GM (1, 1) prediction model, namely, grey differential equation (image equation)
dispersing the above equation to establish grey differential equation (0) (1)
where a and b are coefficients to be determined, called a development coefficient and grey actor, respectively. a has its valid limits (-2, 1) and is obtained through the following expression via the least squares method 1 1 ( , ) ( ) 
( Liu et al., 1999) . Thus, to improve the prediction accuracy we have to select a grey model of a suitable number of dimensions (Liu et al. 2004 (Liu et al. , 1999 .
The grey system theories have two basic principles: new information priority and small-sampled and poor-information. Based on these two principles, we take 1, 2, , m n = in turn to construct prediction equation and compute prediction error. We choose the value m from the models which has the smallest average error and then we establish the best grey optimal model (Zhang, 2002) . When 1 m = , the model we establish is general-type GM. If we apply one-order difference operation to the raw data, and then establish general grey model, this model we call: grey increment model (Men et al. 2004 (Men et al. , 2005 . In order to improve the prediction accuracy, this paper will first carry on preparing a processing to the original data before making use of above-mentioned models to carry on an estimate. Generally, there are two methods to prepare a processing, one kind opens the data square, another one turns data logarithm to make the data smooth and be suitable for grey model. After getting estimate values, we have to restore the data. This paper will make use of above methods to build up models respectively and carry on more analysis to the results we get.
Prediction and analysis of the future population of Shanghai
General grey prediction models and test
According to the data of table 1, this paper adopts nonlinear least squares fitting method, building up following GM models respectively.
To select a suitable model, we single out 4-10 dimensions short series to construct models of general-type GM (1, 1) and carry on experimental prediction to the data of 2007 Shanghai City population. Test shows that the 5-dimension model gives the closest result, so we have general-type GM ( Table 2 and Table 3 .
Comparison of tests in table 2 and table 3 indicates that if we carry on preparing a processing to the original data firstly, the model has higher prediction accuracy than other grey models. Furthermore, it is superior to other models in some respects: Higher prediction accuracy is maintained in extended and long-range predictions (far exceed other ordinary models);
No large quantities of data is demanded in collection [four to eight samples can be chosen for model establishing, which is especially fit for the occasion that data are difficult to get.];
It is flexibility and handy in model operation [with small calculation]. Consequently, it is an ideal and economic new tool for population prediction.
According to table 2 and table 3, . The effect of prediction is quite satisfactory. Therefore, this model satisfies first-grade accuracy requirement for the use of the extended and long-range prediction of the population of Shanghai, with the predictions shown in Table 4 .
Conclusions and discussions
(1) The accurate estimate of population is the basis of a city's development program. There's an erroneous view that a good model must be complicated. In fact, the simple and practicable model awarding with facts is the best one for prediction. In this paper, the raw data series are dealt with the extraction while building up the prediction model of Shanghai's population, in order to improve the precision of prediction. It's proved that, precision of prediction model raises consumedly after the extraction of the initial series. It is a kind of more viable way to predict. The demonstration proves that this is an effective way with economical and practical facilities on population prediction, because it's agility, convenient, small calculation amount and small sample. It can be predicted in this paper that, household register population in Shanghai will grow smoothly and slowly in the coming 40 years, and annually the population net growth won't over 100,000. While holding the World's Fair in 2010, population in Shanghai will attain 14,047,000 or so; and in 2050, the population is about 18,140,000.
(2) The development of Shanghai is open, and the floating population comes out at the top of the list in major cities. It attracts more and more domestic and international population since 1992, a great deal of labor force come from other parts of country gets into Shanghai for the employment opportunities. Because the population natural growth rate has continuously presented a negative growth for 15 years, the estimate result in this paper points out that, the growth of household register population will be stability. As a result, now and in a long period of time to come, the key factor which will influence the population scale and structure change in Shanghai is ab extra floating population. Ab extra floating population in Shanghai is 1,060,000 in 1988, which has already doubled to 2,510,000 in 1993. The fifth census data shows that, Shanghai's resident population is 16,400,000 in 2000, among which, the ab extra floating population is 3,870,000, 23.6% around. Currently, floating population who live in Shanghai for more than half a year is about 1/4 of the permanent population (Xinhua, 2006) . It is predicted that, in 2010 Shanghai's population will be 20,000,000, and then the ab extra floating population will be 6,000,000 or so. The elements which can influence the floating population are:
The upsurge of infrastructure construction caused by the World Fairs; The urbanization strategy of countryside which is needed by the economy development of Yangtze River delta and manufacturing industry belt; The pressure and responsibility which is brought by urbanization of cities in China;
The need of labor force in some service industries caused by the reduction of labor force and aging population in Shanghai around 2010. Therefore, we must tightly hold the strategic opportunity of development to make the full use of the human resource in ab extra floating population, in order to strengthen the comprehensive competition ability of Shanghai and promote the great-leap-forward development of Shanghai in the new century.
(3) Population is the foundation of a city's development. When investigating the relationship between population and social development, there is the chief question that how many are the optimum population and the limitation of Shanghai population with the total area 6340.5 km 2 ? The latest research of the population institute in Fudan University replies: the limitation of Shanghai population is about 28,000,000-30,000,000, and around 2020 the population will be 22,000,000-24,000,000. Since the middle of 1990's, many research centers and experts study up on the optimum population in Shanghai by various ways. Although the results of research are different, but on the whole, the optimum population of Shanghai should be 18,000,000-20,000,000 in 2010. Shanghai locates in the lower end of Yangtze River delta, natural resources and environment would not restrict the capacity of population. Without consideration of other social factors, the population in Shanghai attaining 20,000,000 wouldn't bring any negative influence to the citizen's living quality (Peng, 2002) . However, if there is not large addition of new population, it will weaken the adjustment of the quality and structure of population and the competitive of sustainable development in Shanghai. To consider the composition of population, the negative factors of city development are:
The structure of labor power in Shanghai is increasingly aging. The relevant personage points out many times that the labor force population in household register population in Shanghai will descend gradually after 2005, and hit the lowest level around 2010, then, the economic activities population of Shanghai will reduce from 8,500,000 to 6,500,000.
The society evolves from aging of population to aging of the aged, Shanghai will face double pressures from the aging society and old aged society. The age structure of population is characterized by Multi-Peak-Valley form.
The quality of population is relatively weak, which is not correspond to a modern international metropolis.
Zhang Rongzhou (Population, 2003) in Shanghai population information center said that the discussion of the population in Shanghai should not only consider the need of Shanghai's social economic development and capacity of "resources", but also consider it in the urbanization of China.
First, we should have a full understanding of Shanghai's position in the progress of the urbanization of china. Urbanization, it appears to be a huge process of population gathering first, accompanying with the gathering of industries and various resources. Since the industrial revolution, the development of modern city experienced 3 stages: First stage: urbanization; Second stage; especially big urbanization; Third stage: especially big urbanization groups. Today, the development of urbanization and metropolitan area is the common phenomenon in many developed countries. Take an example, Tokyo's population is 11,000,000 in 2000, which is less than Shanghai's population. But it constitutes 8.8% of the Japanese population, much higher than Shanghai. And the population of metropolitan area in Tokyo is 32,000,000, 25.6% of Japanese population. The population of Tokyo is less than Shanghai, but in fact, the degree of its dense population is far above Shanghai.
Second, "Resources" isn't the bottleneck of Shanghai's population development. According to the data of Chinese urban net, a per-capita floor space in Shanghai is 48.3 m 2 , and it is 64.3 m 2 in Tianjin, 70.9 m 2 in Beijing, 76 m 2 in Guangzhou. In the world, it is 195 m 2 in Hamburger, 136 m 2 in Munich, 116 m 2 in London. The experts suggest that the indicator of urban construction land should appropriately rise along with the development of Shanghai economy, and accelerate the process of urbanization. Concern about the problem of water, many researches point it out early that Shanghai isn't in a water shortage, but is in need of clean water. Shanghai should improve its ability of water resources protection and wastewater treatment. Now, Shanghai's resources are conditioned by three main factors: technique, management and devotion ability. "Resources" will not become the bottleneck of Shanghai's population development in the foreseeable future.
(4) To sum up, Shanghai has to keep the social and economy developing continuously, and raise comprehensive ability of competition. It has to build a good population environment, speed up favorable recruiting and population flowing within the next 10 years, steadily carry out and adjust the family planning policy, and program its future development on the strategy of Shanghai metropolis area. It should take the expansion of population in short time as the cost of social and economy development. In the course of the city population's exchange and adjustment, Shanghai will promote its comprehensive strength and competitiveness, and accelerate the social and economic development. Shanghai will be striding toward the modern international metropolis with a completely new shape. 
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